Autobiographical memory (AM) provides the opportunity to study interactions among brain areas that support the search for a specific episodic memory (construction), and the later experience of mentally reliving it (elaboration). While the hippocampus supports both construction and elaboration, it is unclear how hippocampal-neocortical connectivity differs between these stages, and how this connectivity involves the anterior and posterior segments of the hippocampus, as these have been considered to support the retrieval of general concepts and recollection processes, respectively. We acquired fMRI data in 18 healthy participants during an AM retrieval task in which participants were asked to access a specific AM (construction) and then to recollect it by recovering as many episodic details as possible (elaboration). Using multivariate analytic techniques, we examined changes in functional and effective connectivity of hippocampal-neocortical interactions during these phases of AM retrieval. We found that the left anterior hippocampus interacted with frontal areas during construction and bilateral posterior hippocampi with visual perceptual areas during elaboration, indicating key roles for both hippocampi in coordinating transient neocortical networks at both AM stages. Our findings demonstrate the importance of direct interrogation of hippocampal-neocortical interactions to better illuminate the neural dynamics underlying complex cognitive tasks such as AM retrieval.
Introduction
Autobiographical memory (AM) retrieval involves a variety of mental processes, which include searching for and accessing specific life episodes (the construction stage), and recollecting them by reassembling vivid episodic details (the elaboration stage). These cognitive processes are supported by a number of neocortical areas as well as by the hippocampus, which might play a key role in initiating and coordinating their engagement. To date, however, there is little experimental evidence regarding the nature of this hippocampal-neocortical interplay during the different stages of AM retrieval. Here, we examine functional and effective connectivity of hippocampal-neocortical networks during AM construction and AM elaboration.
In an influential model, Conway (2009) organizes AM into nested hierarchical levels of self-knowledge, from the most conceptual and general knowledge of life periods or events (e.g., my teenage years) to the most concrete and contextually specific life episodes (e.g., the song playing during my first kiss). Memories of specific life events are unique because they contain concrete and vivid episodic elements (Conway and Pleydell-Pearce 2000; Conway 2009 ), which allow us to recollect past events in a vivid manner (Tulving 2002) . According to this model, when an event-specific AM is prompted with a thematic cue, such as "kiss" or "party" (a typical experimental setting of AM retrieval), the first level of entry into AM knowledge is typically through memory for repeated or extended life events. In this case, one usually accesses episodic elements only after accessing more general and abstract personal knowledge. In other words, retrieving a specific autobiographical episode typically involves searching through general knowledge (akin to the construction stage), and then reliving the episode vividly by accessing episodic elements (the elaboration stage). In this sense, AM retrieval can be seen as a particular instance of cued contextually rich episodic memory retrieval that offers the unique opportunity to study construction and elaboration processes.
Although there is very little information about how medial temporal and neocortical regions interact with one another in the different stages of AM retrieval, there are some data regarding the general regions involved in this two-process model. Based on an early study using electroencephalography, Conway speculated that a frontotemporal network would support construction and a more diffuse occipitotemporoparietal network would support the multimodal re-experience of episodic elements underlying elaboration (Conway et al. 2001) . Although these predictions are generally supported by neuroimaging studies showing the importance of the frontal lobes to memory retrieval processes (St. Jacques et al. 2011; Addis et al. 2012 ) and the importance of the visual perceptual areas to visual imagery (Rubin and Greenberg 1998; Greenberg et al. 2005) , research focusing on the differentiation between construction and elaboration of AMs did not show the clear anterior-posterior dissociation that Conway predicted more than 10 years ago (Holland et al. 2001; Addis et al. 2007 ; Rabin and Rosenbaum 2012 but see Daselaar et al. 2008) . However, none of these previous studies focused specifically on hippocampal-neocortical connectivity, although St Jacques et al. (2011) used independent component analysis (ICA) to identify networks involved in different phases of AM retrieval.
With the current work, we explored the possibility that the hippocampus might be the hub that coordinates these anterior and posterior networks during AM retrieval. This proposal is based on functional magnetic resonance imaging (fMRI) studies showing sustained hippocampal activation during AM retrieval, indicating a pivotal role for the hippocampus in both construction and elaboration (Addis et al. 2007 ; St Jacques et al. 2011).
Also, neuroanatomical studies show that the hippocampus is perfectly situated between and strongly connected to frontal cortices and visual perceptual areas, that is, all areas supposedly involved in AM construction and elaboration (Lavenex and Amaral 2000; Lavenex et al. 2002) . Lastly, a connectivity-based neuroimaging study from our group showed that hippocampalneocortical networks support encoding and retrieval of episodic memories (McCormick et al. 2010) , thus strengthening the idea that the hippocampus forms transient links between neocortical brain regions that are necessary for contextually rich memory processing (Teyler and DiScenna 1986; Buzsaki 1996; Teyler and Rudy 2007; Rugg et al. 2008 ). Here, we tested the hypothesis that hippocampal-neocortical connectivity shifts from an early hippocampal-frontal network at construction to a late hippocampal-occipitoparietal network at elaboration during AM retrieval.
Growing evidence suggests that the hippocampus can be segregated into functionally distinct segments along its long axis (Fanselow and Dong 2010; Poppenk and Moscovitch 2011; Viard et al. 2012; Bonnici et al. 2013; Poppenk et al. 2013) . Together with a recent review aimed to map different cognitive systems onto anterior and posterior memory networks (Ranganath and Ritchey 2012) , this formulation suggests that the anterior part of the hippocampus, possibly in interaction with frontal areas, might support cue-specific retrieval attempts and activation of general concepts, functions that are needed for AM construction. In contrast, the posterior hippocampus might support recovery of detailed perceptually rich episodic memories through communication with visual perceptual areas, suggesting a potential role in AM elaboration. However, experimental evidence for this dissociation remains thin, particularly in the context of AM, and, so in the current study, we specifically assessed anterior and posterior hippocampal connectivity.
We aimed to map both functional and effective connectivity among brain regions that support construction and elaboration of AM retrieval. We were specifically interested in characterizing how frontotemporal and occipitotemporoparietal regions interact at each phase with the anterior and posterior hippocampus, which we hypothesized to play functionally distinct roles in AM retrieval.
Materials and Methods

Participants
Eighteen healthy controls (7 women, 11 men, 15 right-handed, 3 left-handed) with no history of neurological or psychiatric disorders participated in this study and gave written informed consent in accordance with a research protocol approved by the University Health Network Ethics Board. Age ranged from 22 to 61 with an average of 36.17 ± 12.3. This broad age range was chosen because we recruited participants age-matched to a patient group whose data are not part of the current analysis.
Experimental Procedure
Immediately before the scanning procedure, the experimental task was explained to the participants and they completed 6 practice trails of each condition. The contents of all retrieved AMs were then probed to confirm that participants understood the instructions (i.e., the generated events were specific in time and place).
The experimental task consisted of 2 different conditions, AM retrieval and math, with 22 trials of each condition. The duration of each trial was 16.5 s and trials were presented in a randomized fashion, with a jittered interstimulus interval (ISI) of 0.5, 1.0, or 1.5 s. In the AM retrieval condition, participants were presented with an event cue such as "a party." The participants were asked to recall a specific event from their personal past that was coherent with the cue and to press a response button once they retrieved a specific incident. During the remaining seconds of the trial, they were instructed to elaborate the details of that particular memory, and to relive the event in their mind's eye. The button press indicated the end of the construction phase, and the beginning of the elaboration phase (see Addis et al. 2007 for a similar paradigm). In the math condition, participants were asked to solve a simple math problem, for example, 19 + 4, and press a response button once they had the solution in mind. During the remaining seconds of the trial, participants were instructed to add 3s to the solution (e.g., 23 + 3 + 3 ⋯ ). At the end of each trial, participants were asked to rate the memory as vivid or faint and the math problem as easy or hard. Owing to technical difficulties, the responses of 4 participants were not recorded during the task; however, in a debriefing after the scan, they confirmed that they followed the instructions throughout the task and we therefore included their fMRI data in the analyses.
Data Acquisition
Anatomical and functional data were acquired on a 3-T Sigma MR System (GE Medical Systems, Milwaukee). Anatomical scans, for co-registration of functional data, were acquired first (T 1 -weighted sequence, 120 slices, FOV = 220 mm, slice thickness = 1 mm, 0 gap, 256 × 256 matrix, resulting in a voxel size of 0.9 × 0.9 × 1.0). The functional data were acquired in an interleaved order (EPI, TR = 2 s; 30-32 slices to cover the whole brain, FOV = 240 mm, slice thickness = 5 mm, 0 gap, 64 × 64 matrix, resulting in a voxel size of 3.75 × 3.75 × 5.0). Functional images were taken in an oblique orientation with each slice being perpendicular to the long axis of the hippocampus. We acquired 2 functional sessions with 190 frames each. The first 3 frames were dropped for signal equilibrium. The fMRI protocol also included 2 other experimental tasks that are not part of the current analysis.
Data Analysis
All preprocessing of imaging data was performed using SPM8 (Statistical Parametric Mapping 8; Wellcome Department of Imaging Neuroscience, London). Functional images were co-registered to the subject's anatomical image, and then realigned and unwarped. The subject's anatomical image was segmented and spatially normalized to the T 1 -weighted Montreal Neurological Institute (MNI) template and the normalization parameters were then written to the functional data. Finally, fMRI data were smoothed using a Gaussian kernel of 8 mm full-width half-maximum (FWHM). SPM motion parameters were inspected for outliers (motion > 2 mm in any direction) but no subjects had to be excluded from the analysis.
Spatiotemporal Partial Least Squares
A spatiotemporal Partial Least Squares (ST-PLS) analysis was conducted in order to examine the time course of hippocampal activity during AM retrieval. PLS is a multivariate, correlational technique that allows the analyses of associations between brain activity and experimental conditions without assumptions about the shape and time course of the hemodynamic response function McIntosh and Lobaugh 2004; Krishnan et al. 2011) . Therefore, ST-PLS allows the investigation of changes in event-related brain activity for each TR of a trial event. In the current analysis, we examined time windows of 8 one-TR frames (i.e., lags) for all AM and math trials.
Detailed descriptions of PLS can be found elsewhere (Krishnan et al. 2011) . In brief, PLS uses singular value decomposition (SVD) to extract ranked latent variables (LVs) from the covariance matrix of brain activity and conditions. These LVs express patterns of brain activity associated with each condition. When applying PLS to event-related fMRI data, patterns of brain activity are calculated for each lag, providing a time course of activity associated with the experimental conditions. Statistical significance of the LVs was assessed using permutation testing. In this procedure, each subject's data were randomly reassigned (without replacement) to different experimental conditions, and a null distribution was derived from multiple permutated solutions. In the current experiment, we used 500 permutations and considered LV as significant if P < 0.05. Further, we assessed the reliability of each voxel that contributed to a specific LV's activity pattern using a bootstrapped estimation of the standard error (i.e., bootstrap ratio, BSR). For each bootstrapped solution (100 in total), subjects were sampled randomly with replacement and a new analysis was performed. In the current study, we considered clusters of 10 or more voxels with BSRs > 3.00 (roughly equal to a P < 0.003) to represent reliable patterns of activation.
Seed Partial Least Squares
In order to examine whether hippocampal-neocortical interactions change between AM construction and elaboration, we conducted a seed PLS analysis. Seed PLS examines the relationship between a target region (seed voxel) and signal intensities in all other brain voxels as a function of the experimental conditions over time (Krishnan et al. 2011 ). The general difference to ST-PLS is that, in seed PLS, the covariance matrix used for SVD stems from correlation values between the seed voxel and all other voxels for each experimental condition (i.e., rather than brain activity values per condition).
We selected a seed in the left anterior hippocampus (ant lHC, MNI: −20 −10 −22) because this region differentiated AM retrieval from the math task reliably (as indicated by its high BSR) from lag 2 onward and showed sustained activation throughout AM retrieval (see Fig. 1 , and Supplementary Table 1 for hippocampal peak voxels). Of note, although we were interested in a possible anterior-posterior hippocampal dissociation, we chose a single seed for the seed PLS analysis in order to differentiate functional connectivity between 2 time points (reflecting construction and elaboration) and not between 2 hippocampal regions. We therefore extracted signal intensities from the same seed, the left anterior hippocampus, at an early time point (lag 2) of AM retrieval, at which participants were searching for a specific AM (construction), and a later time point (lag 6), at which participants continued recovery and mentally "replayed" episodic details of the event (elaboration). These lags were selected as they fell comfortably within the timeframes of the construction and the elaboration phases for most items and most subjects, as indicated by participants button presses (see Behavioral results). We used a nonrotated version of seed PLS which allowed us to prespecify a contrast (as opposed to meancentered ST-PLS, which identifies contrasts among conditions in a datadriven manner) between hippocampal functional connectivity at lag 2 and lag 6. This contrast differentiates brain regions whose activity correlates strongly with hippocampal activity at lag 2 from brain regions whose activity correlates strongly with hippocampal activity at lag 6. This pattern does not exclude the possibility that some brain regions correlate with hippocampal activity at both lag 2 and lag 6; however, the correlation at 1 time point has to be stronger than at the other time point. Again, we used 500 permutations to assess significance of the LV and 100 bootstrap samples to assess reliable voxels. We considered clusters of 5 or more voxels with a BSR > 2.00 (roughly equal to a P < 0.04). Of note, seed PLS calculates correlations between seed activity at prespecified time points (here lags 2 and 6), and activity in all remaining brain voxels at each time point within a trial's time window (here 8 lags). In our case, only voxels whose activity at lag 2 correlated with lag 2 hippocampal activity and voxels whose activity at lag 6 correlated with lag 6 hippocampal activity were meaningful to our hypothesis. We felt that this limitation justified the choice of a lower statistical threshold than that adopted for the ST-PLS analysis.
Structural Equation Modeling
While our preceding seed PLS analysis was restricted to functional connectivity from a single seed, the left anterior hippocampus, here we aimed to explicitly examine connectivity from anterior and posterior regions in the hippocampus with a specific emphasis on the different phases of AM retrieval. To do this, we used structural equation modeling (SEM; LISREL 8.80, Student Edition, Scientific Software, Inc., Mooresville, IN, USA), which examines interregional correlations and anatomical pathways among selected brain areas as the input to compute path coefficients (see McIntosh and Gonzalez-Lima (1994) for detailed description of SEM for neuroimaging data). These path coefficients provide information about the strength and directionality of influences between 2 areas and can, in distinction from symmetrical correlation analysis such as seed PLS, differ between 2 connected regions as a function of other influences in the model (McIntosh and Protzner 2012).
Region Selection
Our region selection for the SEM model was based on the highest bootstrap ratios and cluster size of the seed PLS analysis as well as functional relevance to AM retrieval (Greenberg and Rubin 2003; Conway 2009) 
Model Construction
An anatomical model of multisynaptic connections between these regions was derived from known primate neuroanatomy (Suzuki and Amaral 1994; Lavenex et al. 2002; Kondo et al. 2005; Fanselow and Dong 2010; Ranganath and Ritchey 2012) . As we were especially interested in the role of the hippocampus during AM construction and elaboration, we only included hippocampal-neocortical connections and neglected corticocortical connections. We then constructed a functional model for AM retrieval during construction and elaboration. For each individual, the voxel signal intensities were extracted from each chosen region from lag 2 (construction) and lag 6 (elaboration) using the PLSgui.
Path Analysis
For the path analysis, the matrix of correlations between the extracted signal intensities was used to calculate path coefficients, which represent the magnitude of influence of each directional path. Using a stackedmodel approach, we tested for differences in effective connectivity between AM construction and elaboration (McIntosh and Gonzalez-Lima 1994) . This approach uses 2 models, a null and an alternative model. In the null model, path coefficients were set to be equal, whereas in the alternative model, path coefficients were free to vary. In order to test whether the null or alternative model provides a better fit to the data, we conducted a goodness-of-fit χ 2 test for each model. Smaller χ 2 values indicate better model fit. We therefore used the χ 2 difference test to evaluate whether the difference between both χ 2 values was significant. In our case, the alternative model had a significantly lower χ 2 value than the null model, and thus provided a better fit to the data. To determine which connections contributed to the better fit of the alternative model, individual paths were allowed to vary in a stepwise manner and χ 2 values were re-calculated each time. These χ 2 values were then evaluated against the χ 2 value of the null model using the χ 2 difference test. Connections that increased the model fit (i.e., lowered the χ 2 value significantly) were considered significant and were left to vary in the model. Because the order in which the connections vary could influence the results, we allowed connections to vary in 4 different orders (i.e., from anterior to posterior, from posterior to anterior, from the left to the right hemisphere, and from the right to the left hemisphere). The order that resulted in the smallest remaining χ 2 distance (which was the model that began by anterior connections to vary) was chosen as the best fit. Models with stability indices below or equal 1 were considered sufficiently stable (Kline 2005) .
Results
Behavioural Results
Participants indicated on average after 2.9 s (±0.7 s) that they had successfully retrieved a specific AM and would begin the elaboration phase, whereas they responded on average 3.9 s (±1.1 s) to indicate that they solved the math problem and would start adding 3s to the solution (t 26 = 2.92, P < 0.01). Of the 22 AM trials, participants rated 14 (±4.4) as vivid and 16.7 (±3.9) of the 22 math trials as easy (t 26 = 1.72, P > 0.05).
Early Hippocampal Activation
To examine the time course of hippocampal activity during AM retrieval, we conducted a ST-PLS. PLS identified 1 significant pattern, separating AM and math trials (LV 1, P < 0.001). The pattern describing the AM retrieval comprised all of the core and most of the secondary AM regions identified by a meta-analysis (Svoboda et al. 2006) . Please see Supplementary  Tables 1 and 2a and b for a list of hippocampal peaks and other activated brain regions. Of special interest, we found that the left anterior hippocampus (MNI, −20 −10 −22) was activated one lag earlier than the right hippocampus during AM trials (see Fig. 1 ). For the remaining lags, both hippocampi showed greater activation during AM than math trials, replicating previous findings of sustained hippocampal activation throughout AM retrieval (Addis et al. 2007; St Jacques et al. 2011 ).
Functional Hippocampal-Neocortical Connectivity During AM Retrieval
In this analysis, we examined functional connectivity from the same region, the left anterior hippocampus, at two different time points during AM retrieval that corresponded to the construction and elaboration stages. This analysis revealed one significant pattern that separated construction and elaboration (LV 1, P = 0.03; see Fig. 2 and Supplementary Table 3 for all correlated brain regions). During construction, activation of the left anterior hippocampus was correlated with a small set of brain regions (in total 2313 voxels), including the right anterior hippocampus and mainly left frontotemporal regions. During elaboration, widespread brain activation (in total 26 683 voxels) correlated with activity in the left anterior hippocampus. These regions included visual perception cortices, auditory association cortices, and motor cortices. Of note, we did not see this pattern in a direct univariate contrast of mean activity (rather than connectivity) of early/construction versus late/elaboration phases (see Supplementary Fig. 1 ).
These findings show that the same hippocampal region communicates with different cortical regions during construction and elaboration. We then used effective connectivity to determine whether the directionality of hippocampal-neocortical interactions differs during the 2 phases.
Directed Hippocampal-Neocortical Connectivity During AM Retrieval One of our main research goals was to assess the role of the hippocampus as a central hub within the AM retrieval network. Further, we aimed to assess interactions between the anterior and posterior hippocampus and the rest of the AM retrieval network during construction and elaboration, respectively. We therefore built a model of the AM retrieval network based on brain regions found to be involved in construction or elaboration in our seed PLS analysis (see Fig. 3 for all regions included in the SEM analysis and their correlation values to the hippocampal seed), which included the anterior and posterior hippocampi bilaterally, and we examined the directionality of these connections during each AM retrieval phase.
We found that the model in which path coefficients were free to vary was a better fit to our data than the model in which path coefficients were fixed (CHIdiff = 44.72, df = 22, P = 0.003, all stability indices ≤1), indicating that effective connectivity differed significantly between construction and elaboration (see Fig. 4 ). We found 6 connections that differed between the 2 AM phases (path coefficients in brackets): During construction, the left anterior hippocampus had a greater positive influence on the dmPFC (ant lHC to ldmPFC, construction: 0.7, elaboration: 0.06) and the right anterior hippocampus (ant lHC to ant rHC, construction: 0.6, elaboration: 0.35) than during elaboration.
Further, both left and right anterior hippocampi had a positive influence on activity in the posterior part of the hippocampi, while this influence was slightly negative during elaboration (ant lHC to post lHC, construction: 0.12, elaboration: −0.1; ant rHC to post rHC construction: 0.21, elaboration: −0.02).
During elaboration, the left posterior hippocampus had a greater influence on the left middle occipital gyrus (post lHC to lmidOcc, construction: 0.05, elaboration: 0.49), while the right posterior hippocampus had a greater influence on the right fusiform gyrus than during construction (post rHC to rFusiform, construction: −0.02, elaboration: 0.29). These findings indicate key roles for both hippocampi in the directed mediation of hippocampal-neocortical interactions during AM retrieval that shift from a hippocampal-frontal network at construction to a hippocampal-temporo-occipital network at elaboration.
Discussion
We report that the hippocampus is critically involved in coordinating different networks for constructing and elaborating autobiographical memories. Using multivariate connectivity analyses, our data provide direct and compelling experimental evidence that construction is supported by a frontotemporal network and elaboration by a widespread temporoparietooccipital network and further that these networks interact with anterior and posterior hippocampal regions, respectively. Importantly, these networks were not readily identified by voxel-based analyses, indicating that network approaches are particularly suited to reveal interactions among regions involved in complex cognitive processes such as AM retrieval. Recently, St Jacques et al. (2011) used another multivariate technique, ICA, and extracted four different functional networks underlying AM construction and elaboration, including MTL, medial PFC, frontoparietal, and cingulo-operculum networks. Although they did not impose a specific contrast between networks supporting construction and elaboration, they found that the frontoparietal and cingulo-operculum networks peaked during construction and declined during elaboration whereas the MTL and medial PFC networks showed sustained activation throughout the AM retrieval. Thus, our findings are complementary and we show additionally those hippocampal-neocortical networks (identified by direct contrast) that are uniquely associated with elaboration. AM Construction: Hippocampal-Frontotemporal Connectivity As Conway predicted more than 10 years ago (Conway and Pleydell-Pearce 2000) , we found that AM construction was supported by a small network comprising the left hippocampus and mainly frontotemporal cortices, including both medial and lateral regions of the frontal and temporal lobes. Our results are in agreement with other neuroimaging studies showing frontotemporal involvement during construction (Daselaar et al. 2008; Holland et al. 2011; St Jacques et al. 2011; Rabin and Rosenbaum 2012) . However, we expand this knowledge by showing that these regions form a transient network linked to the left anterior hippocampus and furthermore that the left anterior hippocampus effectively influences activity in the dmPFC during AM construction. Although the dmPFC has been shown to be a consistent part of both the network engaged during AM retrieval (Svoboda et al. 2006 ) and the resting state default mode network (Buckner et al. 2008) , several studies have shown it can segregate from the hippocampal network in both settings (Andrews-Hanna et al. 2010; St Jacques et al. 2011) . Nonetheless, we show here that the hippocampus can form transient links to this brain region during specific task circumstances. While the specific contribution of the dmPFC to autobiographical retrieval is unclear, it has been shown to be engaged in self-guided retrieval of semantic information (Binder et al. 2009 ), which is consistent with Conway's idea of AM construction. Of interest, our SEM finding that hippocampal activation influences the activation pattern in dmPFC, rather than the reverse, is new and interesting as it suggests a strong "bottom-up" direction of influence in construction versus elaboration. However, it might be that this direction of influence holds true only for readily accessible AMs. Using a similar effective connectivity analysis (dynamic causal modeling), St Jacques et al. (2011) showed that the MTL influenced the PFC during AM construction only in cases where the AM was retrieved quickly but not for AMs that required more effort to bring to mind. The relatively short mean retrieval time of our participants (our study: 2.9 ± 0.7 s, St Jacques et al.: 6.5 ± 2.11 s) indicates that the AMs in our study were also easily accessible which might have contributed to this result.
In contrast, the engagement of medial parts of the prefrontal cortex has been attributed to self-referential processes (Howe and Courage 1997; Conway and Pleydell-Pearce 2000) . It is therefore not surprising that in our data functional and effective connectivity between the hippocampus and mPFC did not differentiate between construction and elaboration, since both processes rely on self-referential information (Svoboda et al. 2006) .
AM Elaboration: Hippocampal-Temporoparietooccipital Connectivity Again, as Conway predicted, we found that AM elaboration was supported by a widespread network comprising bilateral anterior and posterior regions of the hippocampi, as well as Figure 3 . Location of SEM nodes and correlation to the seed. In addition to the seed voxel in the ant lHC, 10 regions were included in the following SEM analysis. For clarity, individual clusters are displayed separately on a T 1 -weighted MRI. The functional connectivity (correlation coefficient, r) between the seed and the peak voxel of the cluster during construction (Con; lag 2) and elaboration (Ela; lag 6) is shown underneath each region.
temporal, parietal and occipital cortices (Conway and PleydellPearce 2000) . Strikingly, our effective connectivity analysis revealed that both posterior hippocampi actively influenced activity in visual perceptual areas. Whereas the retrieval of visual, emotional and auditory information is considered a crucial part of vivid AM elaboration and should be supported by a widespread network comprising most primary and associative cortices (Greenberg and Rubin 2003; Svoboda et al. 2006; Conway 2009) , there is surprisingly little experimental evidence that such regions actually contribute to AM elaboration. In fact, the majority of studies that examined the spatiotemporal characteristics of AM retrieval did not observe widespread activation in visual perceptual areas during elaboration (Addis, McIntosh, et al. 2004; Addis et al. 2007; Holland et al. 2011; Rabin and Rosenbaum 2012) . Only 1 study reported greater activation in visual cortices during elaboration than construction (Daselaar et al. 2008 ) but even that study did not show the widespread posterior activation predicted by various AM theories (Brewer 1986; Conway and Pleydell-Pearce 2000; Greenberg and Rubin 2003; Conway 2009) . A reason for this discrepancy might be that the above-mentioned studies used mean-based activation to extract differences between either AM construction and elaboration, or AM retrieval and some control task (see St Jacques et al. 2011 for an exception). We reason that we were able to reveal the full extent of the elaboration network by using connectivity rather than mean-based measurements. That is, typical task-based analyses using t-tests focus solely on whether the mean activation in a given brain region differs between 2 experimental conditions, while connectivity analyses evaluate how 2 brain regions co-vary in different experimental conditions. In fact, it is entirely possible that the experimentally induced difference in regional mean activity (i.e., main effect) is not significant, but that the change in the relationship between 2 regions due to experimental manipulation (i.e., interaction effect) assessed by connectivity analyses is significant. This finding would be missed if the covariance of the 2 brain regions was not evaluated (McIntosh and Gonzalez-Lima 1994) . Our data support this notion, in that a direct contrast between AM construction and elaboration that was based on mean activation showed very little specific engagement of posterior regions during elaboration, whereas the covariance-based seed PLS revealed a widespread elaboration network (see Supplementary Fig. 1 ). Although St Jacques et al. (2011) also used a covariance-based method, ICA, they did not find a posterior network that peaked during elaboration. One potential reason for this discrepancy is that we specified a direct contrast in our nonrotated seed PLS between hippocampal connectivity during construction versus elaboration. This aspect forced the analysis to assess differences between the 2 conditions which may have been missed by a data-driven ICA analysis.
The Role of the Hippocampus in AM Retrieval
The functional importance of the hippocampus in AM retrieval, and generally contextually rich episodic memory retrieval, is well established (Svoboda et al. 2006; Ranganath 2010) . Consistent with other studies, we found sustained hippocampal activation throughout AM retrieval trials (Addis et al. 2007 ; but see Daselaar et al. 2008; St Jacques et al. 2011 ). However, in this article, we extend beyond previous findings by demonstrating how the hippocampus plays a crucial role in coordinating construction and elaboration networks. Although other studies have shown that the hippocampus can form parts of different memory networks during encoding versus retrieval (McCormick et al. 2010) , and during episodic versus semantic retrieval (Rajah and McIntosh 2005) , to our knowledge, this is the first demonstration of the hippocampus connecting with separate sets of brain regions during different stages of the same AM trials.
Further, in our data, the left anterior hippocampus was functionally connected to the right anterior hippocampus during construction and to bilateral posterior hippocampi during elaboration. Whereas involvement of the anterior hippocampus has been attributed to access of specific AMs and gist-like episodic memories, involvement of the posterior hippocampus has been linked to recollection, memory for complex scenes and spatial navigation (Poppenk and Moscovitch 2011; Viard et al. 2012 ). For example, Poppenk et al. (2013) propose that, in AM retrieval, the role of the anterior hippocampus might be to link together principal actors, actions, and general settings, and the role of the posterior hippocampus might be to retrieve the exact spatiotemporal context and episodic details around this event. Although these theories emphasize the anatomical and functional dissociation between anterior and posterior parts of the hippocampus, there are major anatomical and functional connections between these segments, which might facilitate integration of different information (Patel et al. 2012; Sloviter and Lomo 2012) . For example, Sloviter and Lomo (2012) reviews that the longitudinal associational axon projections of the mossy fibers in the dentate gyrus of the rat spans around 6.6 mm (roughly 80% of the total length of the rat hippocampus). Further, a recent lesion study in rats pointed toward the intermediate hippocampus as an important site for the integration of behavioral-control processes (i.e., associated with anterior hippocampal function) and place codes (i.e., associated with posterior hippocampal function, Bast et al. 2009 ). Our SEM results revealed that both anterior segments positively influenced posterior segments of the hippocampi during construction to a greater extent than during elaboration. In our experiment, AMs were brought voluntarily to mind using event cues. We therefore speculate that during construction, gist-like information indexed by the anterior part of the hippocampus might have initiated the search for visual perceptual information indexed by the posterior hippocampus during elaboration. In sum, our data support the functional dissociation of anterior and posterior segments of the hippocampus but also emphasize its functional integration in vivid AM retrieval.
Limitations and Future Directions
A limitation of our study is the lack of information on the remoteness of the individual AMs, especially in the context of the wide age range of our participants. The debate of hippocampal involvement in remote memory has been addressed by various studies and the evidence so far indicates that the hippocampus remains involved in remote AMs, as long as they remain vivid and detail-rich Moscovitch et al. 2005; Sheldon and Levine 2013 ). In the current study, most of the AMs were reported as vivid. We therefore expect that our results are more likely to have been influenced by the vivid memories rather than the faint ones. Of note, we are currently exploring these issues in a separate paper by comparing AM construction and elaboration networks of healthy controls to patients with medial temporal lobe damage who are known to be impaired in retrieval of vivid AMs (St-Laurent et al. 2009 .
Further, we would like to acknowledge that our effective connectivity results represent a "working model," recognizing the truth of the assertion that essentially all models are wrong but some are useful (Box and Draper 1987) . Decisions about regions to include and how they are connected had to be made and thus including other neocortical regions or corticocortical connections might have yielded different results. However, we believe that examining patterns and directions of connectivity will help to both elaborate and constrain biologically plausible models and to generate new hypotheses about the nature of how brain regions interact during complex cognitive tasks.
Conclusions
As initially proposed by Conway, we found evidence that AM construction and elaboration are supported by different sets of brain regions. We add that the hippocampus plays a key role in coordinating these flexible, transient neocortical networks during AM retrieval. Further, our data revealed a novel and interesting intrahippocampal dialog between different stages of AM retrieval. We were able to illustrate this complex network interplay with the use of functional and effective connectivity analyses that assess the relationship between brain areas instead of local mean activation levels. These findings support the idea that in order to understand the full function of a brain region it is important to examine its neuronal context, that is, what other regions it interacts with under different experimental conditions (McIntosh 2000) .
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